Abstract: Identification of the infraorbital foramen is important in infraorbital nerve block and the prevention of iatrogenic injury of the infraorbital nerve in maxillofacial surgeries. This study assessed the location of 887 infraorbital foramina from 518 adult crania of varied sex and population. The study assessed the midpoint of a line segment spanning from nasospinale to jugale (NS-J) relative to the infraorbital foramen. The mean distance of the NS-J midpoint from the infraorbital foramen was 2.1 AE 1.9 mm (mean AE SD) with a mode of 0 mm (266:887; 30%). The NS-J midpoint was located in the same plane or inferior to the infraorbital foramen in 98.4% of sides (873:887). There were no significant differences between sexes, populations, or sides with regard to the NS-J midpoint to infraorbital foramen distance. The NS-J midpoint can be used to locate the infraorbital foramen in both females and males of varied populations regardless of craniofacial diversity. The results of this study will aid in infraorbital nerve block procedures and maxillofacial surgery. 1 Also, the identification of the IOF is important for the prevention of iatrogenic injury of the infraorbital nerve in maxillofacial surgeries. [2] [3] [4] [5] [6] [7] In order to aid in the localization of the IOF, several studies have determined distances between the foramen and nearby bony landmarks, soft tissue structures, and anatomical planes. Typically, studies have utilized the lateral margin of the piriform aperture, the inferior rim of the orbit, and the median plane of the skull as locations from which to measure the distance to the IOF. However, other landmarks have been utilized as reference points, including the maxillary alveolar border, medial palpebral commissure, 8, 9 lateral palpebral commissure, 9 dacryon, ectoconchion, nasal ala, 8, 10 anterior nasal spine, cheilion, zygomatico-maxillary suture, 11,12 frontomaxillary suture, and supraorbital foramen.
L
ocating the infraorbital foramen (IOF) is an important step in infraorbital nerve block and radiofrequency neurotomy of the infraorbital nerve. 1 Also, the identification of the IOF is important for the prevention of iatrogenic injury of the infraorbital nerve in maxillofacial surgeries. [2] [3] [4] [5] [6] [7] In order to aid in the localization of the IOF, several studies have determined distances between the foramen and nearby bony landmarks, soft tissue structures, and anatomical planes. Typically, studies have utilized the lateral margin of the piriform aperture, the inferior rim of the orbit, and the median plane of the skull as locations from which to measure the distance to the IOF. However, other landmarks have been utilized as reference points, including the maxillary alveolar border, medial palpebral commissure, 8, 9 lateral palpebral commissure, 9 dacryon, ectoconchion, nasal ala, 8, 10 anterior nasal spine, cheilion, zygomatico-maxillary suture, 11, 12 frontomaxillary suture, and supraorbital foramen. [13] [14] [15] The location of the IOF has also been studied in relation to the maxillary teeth. Some have noted that the position of the IOF is usually in the same vertical plane as the 1st premolar. 16 Others have documented that the IOF is more often in the same vertical plane as the 2nd premolar. [17] [18] [19] [20] However, the IOF may be located vertical to the range spanning from the canine to the 1st molar. 5, 19 Among the aforementioned IOF localization methods, many have revealed significant differences between varied populations. Statistically significant differences between male and female morphometric measurements regarding the location of the IOF have been reported. 10, 11, 13, 15, [21] [22] [23] [24] [25] Also, significant differences among populations have also been reported. 11, 22 Furthermore, reports have documented bilateral asymmetry of IOF locations. [25] [26] [27] [28] Locating the IOF is important in myriad operative procedures. A variety of studies have provided distances from bony and soft tissue landmarks in order to improve the localization of the foramen; however, measurements have revealed variability between sexes, populations, and sides of the face. Therefore, a standardized method to accurately locate the IOF independent of sex, population, or laterality, has yet to be identified. Based upon observations of the facial skeletal structure, this study is constructed upon the hypothesis that the IOF may be located midway between nasospinale (NS) and jugale (J) regardless of sex, population, or laterality. The aim of the report is to assess the location of the IOF relative to NS-J midpoint in varied populations to determine if the NS-J midpoint may serve as a reliable indicator of the IOF location regardless of sex, population, or laterality.
METHODS
This study analyzed digital images of crania from the Online Research Scan Archive (ORSA), formerly known as the Penn Cranial CT Database. The images were of the crania from the Samuel George Morton Collection, [29] [30] [31] housed and curated at the University of Pennsylvania Museum of Archaeology and Anthropology. Crania from individuals in their first or second decade were excluded from the study. A total of 518 adult crania (ie, 3rd decade and older at death) were analyzed. The 518 cranial images were screened by the authors for bone damage or poor image quality. After screening, a total of 887 foramina (442 left-sided and 445 right-sided) were ultimately included in the morphometric analysis. There were a total of 374 female foramina and 489 male foramina. With regard to population, there were 56 different classifiers included in the study (eg, Celtic, Chinese, Laplander, Spaniard, Swedish, Tahitian, etc.).
The image analysis was performed with ImageJ software.
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Line segments were drawn from the NS to the J with the line tool, which automatically identifies a midpoint. The landmarks used in this study can be seen in Figure 1 
RESULTS
The mean distance from the NS-J midpoint and the infraorbital foramen was 2.1 AE 1.9 mm (mean AE SD) with a mode of 0 mm. A relative frequency distribution can be found in Figure 2 . The NS-J midpoint was most often located directly inferior to the IOF (33.15%). The NS-J midpoint was directly upon the IOF in 29.99% of measurements (Fig. 3) . The midpoint was located at or below the level of the IOF in 98.42% (873:887) of measurements (Fig. 4) .
The average angle between the NS-J line segment and the sagittal plane was 65.65 AE 4.248 (mean AE SD). The minimum and maximum angles were 54.218 and 79.998, respectively (Fig. 5 ).
There was a very weak positive correlation between the angle of the line segment between the NS and J and the distance of the NS-J midpoint from the IOF (r ¼ 0.1; P ¼ 0.0018).
The average length between the NS and J was 75.12 AE 6.60 mm (mean AE SD). The minimum and maximum distances were 58.89 and 99.08 mm, respectively. There was no correlation between the length of the line segment between the NS and J and the distance of the NS-J midpoint from the IOF (r ¼ 0.02; P ¼ 0.5442).
Comparison Between Sexes
The mean NS-J distance from the IOF was 2.12 AE 1.91 mm among females and 2.17 AE 1.93 mm among males. There was no statistically significant difference between sexes with regard to NS-J midpoint distance from the IOF (t ¼ 0.408(861); P ¼ 0.68). Relative frequency distribution can be found in Figure 6 .
Comparison Between Populations
One-way ANOVA revealed no statistically significant difference among NS-J midpoint distances from the IOF between African, Egyptian, and Peruvian crania (F(2,506) ¼ 2.11; P ¼ 0.1224). 
Comparison Between Sides
Regarding side, the mean for the distance from the NS-J midpoint to the IOF was 2.09 AE 1.87 and 2.14 AE 1.97 mm on the left and right sides, respectively. A paired t test revealed no statistically significant difference between the sides with regard to NS-J midpoint distance from the IOF (t ¼ 0.306(424); P ¼ 0.76). Relative frequency distribution can be found in Figure 7 .
DISCUSSION
Identification of the IOF is important in the management of maxillofacial trauma, facial plastic surgery, and orofacial anesthesia. Many studies have provided metrics regarding the location of the IOF relative to various bony structures, soft tissue landmarks, and teeth; however, many of these studies have revealed differences between sexes, populations, and sides of the face. This study is unique in that it identifies a simple method to locate the IOF regardless of sex, population, or side of the face.
The results of this study noted that the average NS-J midpoint distance from the IOF was less than 2 mm in any specific direction (Table 1; Fig. 4) . The NS-J midpoint was located directly upon the IOF in 29.99% of measurements. When it was not located directly on the IOF, it was almost always located it the same plane or below the level of the IOF. With regard to infraorbital nerve block, the IOF is approached from the inferior in both the percutaneous and intraoral methods. 34 If the NS-J midpoint were utilized as a target and approached from the inferior, it would be unlikely to overshoot the infraorbital nerve as it exits the IOF (the infraorbital ridge would also limit needle advancement). Rather, the NS-J midpoint target would likely overlie the infraorbital nerve as it emerges from the IOF either directly at the IOF or just inferior to the IOF.
Studies have revealed differences in IOF location between sexes, populations, and sides. The method described in this study noted no differences between sexes or populations and, therefore, would not be useful in the differentiation of sexes or populations. However, this method may be generally useful in the reconstruction of a cranium with maxillary or zygomatic damage. For example, if the NS and IOF are present, the J would be generally located in line with the NS and IOF-an additional length away from the IOF equal to that of the NS to IOF distance. The same concept would apply for identifying the general location of an absent NS from a present J and IOF.
The study revealed a very small significant correlation between the angle formed by the NS-J line segment and the NS-J midpoint distance from the IOF (r ¼ 0.1; P ¼ 0.0018). The small degree of correlation is impractical to consider in a clinical setting. Moreover, the length of the NS-J line segment was not correlated with NS-J midpoint distance from the IOF. These statistics support the notion that, even in craniofacially diverse populations (ie, different sexes and populations), the NS-J midpoint may serve as a viable target for locating the IOF and infraorbital nerve.
This study did not account for the variable accessory infraorbital foramen. 19 Further, this report did not take the size, shape, and orientation of the IOF into account-all of which have been reported to vary. 10, 19, 35 Because the orientation of the foramen varies, in addition to differences in the prominence of the infraorbital ridge, shadow-effect may have served as a potential source of error in this report. Also, the reference scale utilized in the calibration of digital imaging software was located beyond the plane that was being measured. Therefore, distance measurements in this report likely err on the side of being longer than they actually are. For example, the average distance of the NS-J midpoint from the IOF was reported as 2.1 mm; however, it is likely less than 2.1 mm.
In conclusion, this report identifies a novel method to identify the location of the IOF and infraorbital nerve using easy-to-palpate superficial bony landmarks. Also the NS-J midpoint may serve as a method of identifying the IOF and, therefore, the infraorbital nerve, regardless of sex, population, or side of the face. 
